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GROWTH-RAINFALL TREND COEFFICIENTS 
SHOWN BY SIX SPECIES OF HARDWOODS 
IN BROWN COUNTY, INDIANA 
By RAY C. FRIESNER 
In an earlier paper (1) it has been shown that when rainfall, for 
any period with which radial tree growth shows a. significant cor­
relation, is conspicuously less than for the corresponding period of 
the previous year, decrease in tree growth occurs in a higher per­
centage of individuals than the percentage of trees which show in­
creased radial growth during years when the rainfall shows con­
spicuous increases for the same periods. Decreased rainfall was ac­
companied by decreased growth in 62-82% of the years while in­
creased rainfall was accompanied by increased radial growth in 
50-72% of the years. During years when there was 90-100% agree­
ment amongst individual trees, increase in radial growth accompanied 
increase in rainfall and decrease in radial growth accompanied de­
crease in rainfall for nearly all month combinations. 
The above results were obtained from trees on sites subject, be­
cause of topography, to minimum amounts of run-off. The present 
study was made with a view to pursuing the problem further and 
especially to determine the possible effect of a site where run-off, 
because of steep slopes, is certain to be high. Six species were avail­
ab! for study, viz., Carya ovata (4 sections), C. glabra (5 sections), 
Acer saccharum (7 sections), Liriodendron tulipifera (4 sections), 
and Sassafras albidu,m (3 sections). The study was made from sec­
tions cut from stumps following logging operations and the individuals 
were chosen from steep slopes of ravines on the ridge forming the 
divide between Bean Blossom Creek and Salt Creek, about 1.5 mi. 
east of Bear Wallow in Brown County, Indiana. 
METHODS 
Ring width measure.ments were made under lOx magnification on 
4-6 equidistant radii on each section. Growth-rainfall trend co­
efficients for 23 different month combinations and individual trend 
coefficients comparing each individual with each other individual 
were prepared. Relationship between growth changes and rainfall 
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changes was determined for various degrees of rainfall change, e.g. 
( 1) all rain fall changes; (2) changes amounting to 10% or more of 
the normal-expected rainfall for the particular combination of 
months; (3) changes of 20% or more; (4) changes of 3070 or more; 
(5) changes of 40% or more. The trend coefficients for increases 
in rainfall only were compared with those for decreases only and both 
of these were compared with trend-coefficients for all rainfall changes. 
Rainfall data used were those recorded at the Columbus (Indiana) 
station of the U. S. vVeather Bureau. This station is about 18 miles 
from the location of the trees used for study. It is to be regretted 
that no closer source of data was available. 
RESULTS 
GROWTH-RAINFALL TREND COEFFICIENTS 
All Ra·infall Changes. Growth-rainfall trend coefficients, i.e., the 
percentage of agreements in sign shown in comparing year-to-year 
changes in ring growth with year-to-year changes in rain fall for 
various month combinations (4), are shown in table 1. From the 
table it will be seen that Carya ovata shows the highest trend co­
efficient (68%) when growth is compared with rain fall for May­
July while C. glnbra shows equal but low trend coefficients (55%) 
for three different month combinations, viz., May-July, and the 12­
month periods, August-July, and June-May. Acer sacchar'um shows 
a low trend coefficient (55%) for the early summer period, May­
August, and for the late spring period May-June. Liriodendron 
turip'ifera shows its highest trend coefficient (58%) for the 12-month 
period, J uly-June. Fmxinus a111.er£cana shows its highest trend co­
efficient (67%) for the late spring-early summer period, April-July. 
Sassafras albidum shows its highest trend coefficient (51 %) for 
three different month combinations, viz., the calendar year, the 12­
month period August-July, and the IS-month period June-August. 
The trend coefficient in this species is so low that it may be con­
sidered to be of no significance. 
All Rainfall Changes Compared with Ten Percent or Greater 
Changes. In table II trend coefficients for all rainfall changes are 
compared with those in which the changes in rainfall are 10% or 
more, 20% or more, 30% or more, and 40% or more of normal. The 
comparison is based only upon the month-combinations showing high­
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est trend coefficients for all rainfall changes. With a few minor ex­
ceptions it will be seen that the trend coefficients are progressively 
higher with increased percentage of rainfall change. 
Table II further compares all changes of each degree with in­
creases only and with decreases only. In all species studied except 
Ca'rya glabra the trend coefficients based upon the decreases in rain­
fall only are higher than those based upon increases only. It would 
thus appear that these species (except C. glabra) show a greater sensi­
tivity to decreases in rainfall than they do to increases and that their 
reaction is greater with increased degree of change. In nearly all 
cases the trend coefficients progressively increase with increased de­
gree of rainfall change whether all changes, increases only, or de­
creases only are considered. 
Carya gla,bra consistently shows higher trend coefficients when 
the rainfall changes considered are increases only than when they are 
all changes or decreases only. It would thus appear that this species 
is more readily responsive to increases in rainfall than to decreases. 
McInteer (3) found no significant differences of correlation between 
growth and rainfall in years of reductions and years of increases in 
the case of Pinus virginiana and P. taeda. 
In Marshall county study (I), where run-off was undoubtedly 
much less, a greater response to decreases in rainfall than to increases 
was also shown. 
AGREEMENT OF INDlvroUALS WITH EACH: OTHER 
Table III shows the range of and the average trend coefficients 
(percentage of agreements) when radial growth of each individual 
tree is compared with each other individual tree. It will be noted that 
in no case is the percentage of agreements between individuals of 
the same species appreciably higher than the percentage of agTee­
ments between individuals of one or more other species. For ex­
ample, individuals of Ca1'31a ovata show an average agreement of 61% 
with each other and of 62% when compared with individuals of 
Frax,inus americana,. Similarly, Fraxinus amencana shows a slightly 
higher agreement with individuals of C. ovata than it does with in­
dividuals of its own species. Liriodendron tuJipifera is the only 
species in which there is a higher percentage of agreement amongst 
its own individuals than when its individuals are compared with those 
of all other species. 
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While the percentage of agreements of certain individuals with 
other individuals of the same species is high (e.g., one individual of 
Carya ovata agreed with another individual of the same species in 
89% of the years), the opposite is also true. One individual of Carya 
avMa. showed as low as 22% of the years in agreement with an in­
dividual of Acer saccharum. The highest percentage of agreement 
shown by any individual of any particular species with any other 
individual is not necessarily with some other individual of the same 
species. For example, the highest percentage of agreement of any 
individual of Carya glabra with any other individual of the same 
species is 70% while one individual of this species shows agreement 
with an individual of Fraxinus amel'icG.1uz, in 77% of the years. At 
the same time the highest percentage of agreement between any in­
dividual of Fraxinus americana and any other individual is with an­
other individual of F. americana. The highest percentage of agree­
ment of any individual of Acer saccharum with any other individual 
of the same species is 75% while the same individuals of ACM- sac­
charum show agreement with an individual of Carya ovata in 78% 
of the years and with an individual of Fl'axinus americana in 77% 
of the years. Ranges of agreements as well as averages are given 
in table III. All of this would seem to indicate that the particular 
site of the individual tree plays an important part in relation to 
growth-rainfall trend coef ficients, especially in areas where variations 
in steepness of slope may materially affect the amount 0 f rain fall 
retained by the soil. Other factors, particularly the nearness of 
other trees and the character of the forest canopy, may also playa 
vital role. We are thus dealing with a complex of variables and the 
degree of relationship of anyone of them with growth will be modi­
fied by the others. 
Hansen (2) has foond average agreements amongst Pinus pon­
derosa, La.rix occidelttalis and PseudotS7~ga. mucronata in percentages 
of years ranging from 46% to 51 %. His figures do not reveal the 
percentages of agreements of individuals of the same species amongst 
themselves. 
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SUMMARY AND CONCLUSIONS
 
1. Carya o'Vata shows its highest growth-rainfall trend coefficient 
for the period, May-July. 
2. C. glabra shows its highest trend coefficient for the periods, 
May-July, August-July and June-May. 
3. Acer saccharum shows its highest trend coefficient for the 
periods, May-August and May-June. 
4. Lirodendron tulipifera shows its highest trend coefficient for 
the l2-month period, J uly-June. 
S. Fraxinus americana shows its highest trend coefficient for the 
period, April-July. 
6. Sassafras albidum shows trend coefficients so low that they 
are of no signi ficance. 
7. With but few exceptions trend coefficients for all species 
increase in percentage with increased percentage of rainfall change. 
8. All species except C. glabra show higher trend coefficients 
when rainfall decreases only are considered than when rainfall in­
creases only are considered. 
9. C. glabra shows higher trend coefficients when rainfall in­
creases only are considered than when rainfall decreases' only are 
considered. 
10. When any individual tree is compared with any other in­
dividual tree, the highest percentage of agreement is as likely to be 
with an individual of a different species as with an individual of 
the same species. 
11. Liriodendron tulipifera is the only species which shows a 
higher average percentage of agreements with individuals of its own 
species than with individuals of other species. 
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TABLE I
 
Trend coefficients of each species for each month-combination rainfall period
 
Rainfall Periods 
Carya 
ovata 
Carya
glabra 
Acer Liriodendron Fraxinus 
saccbarum tulipifera americana 
Sassafras 
albidum 
1. Calendar Year 54 49 52 51 61 (51) 
2. Nov.-Oct. 58 51 50 52 60 45 
3. Oct.-Sept. 56 50 54 54 61 50 
4. Sept.-Aug. 58 49 52 52 59 46 
5. Aug.-July 62 (55) 52 53 61 (51) 
6. J uly-June 56 51 50 (58) 60 48 
7. June-May 51 (55) 49 53 57 50 
8. June-Aug.-Aug. 58 53 54 55 64 (51) 
9. Mar.-Aug. 56 48 52 51 64 45 
10. Apr.-Aug. 59 50 52 51 65 47 
11. May-Aug. 62 48 (55) 51 61 50 
12. June-Aug. 61 53 54 49 59 47 
13. Mar.-July 58 50 53 53 66 46 
14. Apr.-July 64 52 53 48 (67) 47 
15. May-July (68) (55) 54 49 64 45 
16. June-July 62 50 54 49 61 50 
17. Mar-June 55 51 50 52 61 41 
18. Apr.-June 58 49 48 54 65 48 
19. May-June 65 49 (55) 49 66 46 
20. Mar.-May 50 51 51 54 60 49 
21. Apr.-May 51 53 49 56 61 49 
22. June 63 46 50 48 60 46 
23. Jan.-Aug. 54 49 52 56 59 45 
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TABLE II 
Trend coefficients considering (1) all rainfall changes, (2) changes amounting 
to 10% or greater of normal, (3) 20% or greater, (4) 30% or greater, (5) 
40% or greater; and further comparing (6) all changes of each degree with 
(7) increases only and with (8) decreases only. 
Tree Species Carya 
ovata 
Carya 
glabra 
Acer Liriodendron Fraxinus 
saccharum tulipifera americana 
Sassafras 
albidum 
(IS) (5) (11) (6) (14) (8) 
June· 
Rainfall·Periods May·July Aug.-July 
12 mo. 
May-Aug. June-May 
12 mo. 
April-July Aug.-Aug. 
15 mo. 
Al! All Changes 68 55 55 58 67 51 
rainfall 
changes 
Incr. only 
Deer. only 
67 
71 
58 
54 
55 
58 
56 
61 
63 
75 
51 
52 
10% or All changes 70 54 55 55 68 49 
greater 
changes 
Incr. only 
Deer. only 
67 
74 
62 
53 
54 
61 
56 
52 
64 
75 
51 
51 
20% or All changes 73 55 60 59 72 54 
greater Incr. only 68 61 54 57 65 58 
changes Deer. only 80 51 65 62 83 56 
30% or Al! changes 75 59 58 54 76 58 
greater Incr. only 68 64 57 58 69 67. 
changes Deer. only 79 * 61 60 84 52 
40% or All changes 77 64 58 69 80 56 
greater Incr. only 72 70 53 65 64 * changes Deer. only 78 * 65 75 89 * 
• No rainfall changes of this magnitude occurred for this month-combinatio~. 
• 
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TABLE III
 
Trend Coefficients: Average percentage of Correlation of each Species with each Other Species
 
Carya 
ovata 
Carya 
glabra 
Acer 
saccharum 
Liriodendron 
tulipifera 
Fraxinus 
americana 
Sassafras 
albidum 
..... 
Range Avo Range Avo Range Avo Range Avo Range Avo Range Avo 
0\ 
0\ 
Carya ovata 52-89 (6l) 42-76 52 22-78 53 35-63 46 35-80 62 39-68 47 
Carya glabra 42-76 52 40-70 (50) 30-73 51 33-70 51 40-77 55 41-66 53 
Acer saccharum 22-78 53 30-73 51 27-75 (50) 24-61 49 23-77 52 39-63 51 
Liriodendron tulipifera 35-63 46 33-70 51 24-61 49 40-65 (56) 32-59 49 39-72 55 
Fraxinus americana 35-80 62 40-77 55 23-77 52 32-59 49 43-83 (61) 40-65 51 
Sassafras albidum 39-68 47 41-66 53 39-63 51 39-72 55 40-65 51 45-51 (47) 
